Preparations of glomerular basement membrane from diabetic and young and aged normal subjects have been isolated and purified and the component carbohydrates and amino acids quantitatively determined. Diabetic membrane preparations, compared with membranes from young normal subjects, show significant increases in total hexoses, mannose, and galactose and decreases in sialic acid and glucose; the component amino acids show increases in hydroxylysine, proline, and glycine and decreases in lysine, histidine, and leucine. Basement membrane preparations from aged normals show changes in component carbohydrates and amino acids similar to, but not as great as, those seen in the diabetics.
In diabetes, important pathological changes are known to occur in the renal basement membrane.' The chemical composition of these membranes has therefore been studied in some detail but with conflicting findings. 2 -11 In an electron microscopy study of muscle capillary basement membrane in a large number of diabetic and control subjects, a significant thickening of the membrane was found to be associated with the disease state but was also found to be linked to age in both sexes.P The aim of this study was to investigate the composition of glomerular basement membrane obtained from diabetic and normal subjects and to compare the differences with age.
Material andmethods
Human kidneys were obtained within 6 hours after death from four diabetic and lOnon-diabetic subjects and were immediately stored at -28°C. The diabetic group consisted of four men aged 60-79, mean age 69 years. The normal group was subdivided into a young age group and an old age group. The young age group consisted of three males and one female with an age range of 3-26 and a mean of 17· 8. The old age group comprised six males with an age range of 60-73 and a mean of 66.
The histopathology of all kidneys was examined. All four diabetic kidneys showed thickening of the basement membrane with varying degrees of arterio-sclerosis, consistent with diabetes, and two patients (CI, Ed) showed moderate to severe hyaline, nodular necrosis characteristic of Kimmelstiel-Wilson nodules. None of the normal kidneys showed any diabetic change, and there was no clinical evidence of diabetes. Histopathological examination of the aged normal kidneys showed no thickening of the basement membrane when compared with the diabetic group. It was hoped to investigate a young diabetic group in this study but no material could be obtained. All the young normal kidneys were obtained from victims of road traffic accidents.
METHODS

Preparation of the glomerular basement membranes
The isolation procedure was that of Krakower and Greenspon-P as modified by Spiro u and Westberg and Michael'" and reported by De Bats et al. 16 The glomerular basement membrane was isolated from kidneys of individual subjects, and there was no pooling of the material obtained.
Evaluation ofpurity of the preparations
Each of the 14 preparations was examined by phase contrast and electron microscopy for purity.
Determination of deoxyribonucleic acid (DNA)
DNA was determined according to Webb and Levy'" except that the hydrolysis time was increased to 3' 5 hours. It was established that this longer hydrolysis 17 did not lead to interference from the release of monosaccharides from glycoproteins.
Determination of hexosamine
The hexosamine content of the glomeruli was determined by the method of Gardell.l" Freeze-dried glomeruli were suspended in 2 ml of 3 M-HCl and hydrolysed at 100°C for 6'3 hours. To remove the HCl the preparation was left overnight in a desiccator containing NaOH and then 1 ml of water was added to the hydrolysate. To 1 ml standard/blank/hydrolysate 1 ml acetylacetone reagent (3 % vIv in O'625 M Na 2C0:J was added, mixed, and heated for 30 minutes at 96°C in a water bath. The samples were cooled, and 10 ml 95 % ethanol followed by 1 ml Ehrlich's reagent were added. The solutions were mixed, and after 1 hour the light absorption at 530 om was measured. Glucosamine hydrochloride equivalent to 10--80 fLg glucosamine/ml was used as standard.
Determination of the component carbohydrates
The component carbohydrates of the glomerular glycoprotein were determined quantitatively after chromatographic separation of the carbohydrates by the method of Hough et ai. 19 The chromatographic system consisted of a jacketed borosilicate glass column (6 x 750 mm) containing a Type S Chromobeads Anion exchanger resin (Technicon Instruments Co Ltd, Basingstoke, Hants, UK), packed to give a resin bed height of 560 mm. Before use the column was equilibrated with the starting buffer (0'1 Mboric acid, pH 7· (0) at 75°C for 1 hour at a flow rate of 108 ml/h. After each chromatographic run the resin was regenerated to the borate form by pumping 10% potassium tetraborate, stored in polythene containers to preclude contamination of the resin bed by silicate ions 20 at a flow rate of 108 ml/h with the column heating off. Regeneration was complete when the eluate was shown to be free from chloride. The eluted sugars were determined by the colour produced with the cysteine-sulphuric acid reagent. 21
Glomeruli (4 mg) were weighed and mixed with 1 ml of 0·5 M H 2S0 4 in a Pyrex test tube, and the oxygen present was replaced with nitrogen by repeated vacuum displacement and flushing with N 2 in specially designed apparatus. The glass tube was then sealed. Hydrolysis was carried out in the sealed tubes by heating at 100°C for 18 hours. The tubes were cooled and opened and O'5 mol trehalose was added as an internal standard. The hydrolysate plus standard was transferred to a glass-stoppered tube and 5 ml N,N-dioctylmethylamine in chloroform (20% v/v) was added, shaken vigorously, and clarified by centrifugation. This amount of dioctyl methylamine was sufficient to neutralise the sulphuric De Bats, Rhodes, Gordon, Parke acid present. The chloroform layer was removed with a pipette, and residual N,N-dioctylmethylamine in the aqueous layer was extracted with a further 5 ml chloroform. A few drops of 0'4 M boric acid (pH 7'0) were added to the neutralised hydrolysate before the chromatographic analysis.
The column temperature was adjusted to 75°C and the sample was loaded on to the column and forced into the resin bed using oxygen-free nitrogen. The top of the resin bed was washed with a 2 x 1 011 volume of starting buffer (0'1 Mboric acid, pH 7'0). The starting buffer was loaded on to the column, care being taken to exclude all air, and the column was connected to the gradient device. The flow rate was adjusted to I: 25 ml/min and the column effluent was connected to the cysteine/sulphuric acid stream of the auto-analyser.
A preliminary study showed that the release of carbohydrate from both diabetic and normal glomeruli was maximal after heating for 18 hours in 0·5 M H 2S0 4 at 100°C under N 2. As the optimal conditions for the release of carbohydrates from proteins may differ for each sugar present, the rates of glucose and galactose were taken as criteria for optimal hydrolysis.
Determination of component amino acids
The component amino acids of hydrolysed glomeruli were separated on two columns. Lysine, arginine, histidine, and hydroxylysine were separated on column A packed with Beckman resin (Spherical beads, 8-14 microns, code No. PA 35 Beckman RIIC, Hitchin, Herts, UK) to a bed height of 140 mm x 9 mm. Aspartate, threonine, serine, glutamate, proline, glycine, alanine, !-cystine, valine, methionine, isoleucine, leucine, tyrosine, and phenylalanine were separated on column B packed to a bed height of 540 mm x 9 mm with Beckman resin (Spherical beads code No. PA 28). The eluted amino acids were determined by the colour product formed with the ninhydrin reagent (Moore and Stein).22
Glomeruli (1'0--1' 5 mg) were added to 1 ml of 6 M HCI in a Pyrex test tube and mixed, and the oxygen present was replaced by nitrogen by repeated vacuum displacement and flushing with N 2' The glass tubes were sealed, and hydrolysis was carried out at 110°C for 22 hours. The tubes were cooled and opened, and the HCI was removed by rotary evaporation. To ensure that all the acid had been removed, 1 ml of distilled water was added to the dried sample and rotary evaporation was repeated. To the dried hydrolysate 1· 1 ml of 0·2 M citrate buffer, pH 2· 2, was added and mixed, and the sample was divided into two. One sample (0' 5 ml) was placed on column A and washed in with 3 xO·2 M citrate buffer, pH 3· 25. Elution was carried out with the citrate pH 5·25 buffer for 140 minutes at a temperature of 50°C. The second sample (0'5 ml) was placed on column B, washed in with 3 x O'2 ml of O'2 M citrate buffer, pH 3·35. The pH 3·25 buffer was run onto the column for a total time of 80 minutes when it was changed to a 0·2 M citrate buffer, pH 4'25, and this was run onto the column for 100 minutes. The total running time was 180 minutes at a temperature of 50°C.
Results
Isolated glomeruli as seen under phase contrast microscopy were free from tubular fragments. All those preparations that had a contamination of greater than 1% were discarded and not included in this study. The DNA content of the preparation was essentially constant for all three groups. Diabetic glomeruli contained 46±14 !Jog/mg (mean±SEM), young normal 44±4 !Jog/mg, and old normal 41 ± 11 !Jog/mg. This would indicate that the separation procedure was constant and that the degree of DNA contamination is constant for each group.
Results of the carbohydrate composition from each of the subjects are shown in Table 1 and summarised in Table 3 . The results show that in the diabetic basement membrane there is a significant increase (p<O'OI) in total hexoses, mannose, and galactose and a decrease in sialic acid (p<O'OI) when compared with young normals. When diabetic basement membrane is compared with membranes from old normal subjects, the only significant change is a decrease in sialic acid (p<O·02). When old normal glomeruli are compared with young normal Capillary basement membrane thickening is generally accepted as the characteristic of diabetic microangiopathy, most widely manifest clinically in the kidney and the eye. Only from kidney glomeruli can capillary basement membrane be isolated in quantities sufficient for quantitative determination of its composition by chemical analyses, and previous workers'? [23] [24] [25] [26] have studied the differences in this material resulting from diabetes or due to aging. The glomerular basement membrane of normal rats shows increased thickness and an increase in collagent! 25 and hydroxyproline contents with increasing age. 26 Chemically induced diabetes in the rat also causes thickening of the renal glomerular basement membrane," and metabolism studies have indicated that alloxan-induced diabetic rats exhibit a much greater rate of incorporation of proline and hydroxyproline into the membrane than do nondiabetic animals.P The only differences observed by Westberg-? between normal and diabetic human glomerular basement membrane were a decrease of cystine content (26 residues per 1000, normal; decreased to 20, diabetic) and a decrease in sialic acid (normal, 7'8 flog/mg; diabetic, 6·3 flog/mg). Kefalidesf and Sato and his colleagues" obtained similar results, but Beisswenger and Spiro 28 found the cystine concentration unchanged with decreased lysine and increased hydroxylysine contents in the diabetic membranes, similar to our present observations. In a more recent study'! using seven diabetic (aged 39-77 years, mean 51 years) and seven normal subjects (aged 27-78, mean 59 years), the renal glomerular basement membranes of diabetics showed a decrease in cystine and sialic acid contents with increases in glycine, hydroxylysine, glucose, and galactose.
Our present results thus agree most closely with those of Beisswenger and Spir0 28 and show that glomerular basement membrane from diabetic subjects exhibits marked chemical changes from normals, characterised by an increase in hydroxylysine with an equivalent decrease in lysine, an increase in the hydroxylysine-linked disaccharide units, and a decrease in sialic acid, but with no significant change in cystine. There is also some agreement with the more recent work of Canivet et a/. l l in the increase in glycine (Canivet data: normal, 195 residues/WOO; diabetic, 211) , hydroxylysine (normal, 23 residues/l00; diabetic, 29), and galactose (normal, 2·5 mg/l00 mg; diabetic, 3'7) , and the decrease in sialic acid (normal, 1· 3 mg/l00 mg; diabetic, 1'0).
The data from this study thus confirm previous findings that the thickening of the human glomerular basement membrane in diabetes is associated with chemical changes in the membrane, indicative of structural changes in the peptide chains and their associated glycoside side-chains. Our data show that the increase (30 %) in hydroxylated amino acids (hydroxyproline-l-hydroxylysine) in the· diabetic membranes approximately parallels the increase in total hexoses +hexosamines (20 %). Both of these increases could be due to increased enzymic activity of the hydroxylases and glycosyl transferases but might also occur as spontaneous chemical changes resulting from increased autoxidative processes.
Our data also reveal that similar chemical changes i Cystine glomeruli, there is an increase (p<0'05) in hexosamine and galactose and a decrease in sialic acid (p<O·OI). These results are in agreement with those of Canivet et a/. ll and Westberg. 10 The amino acid analyses are shown in Table 2 and summarised in Table 3 . When diabetic glomerular basement membrane is compared with young normal membrane, there is a decrease in histidine, threonine, leucine, serine, and lysine (p<O'OI) and an increase in proline, glycine, and hydroxylysine (p<O·OI). When, however, diabetic basement membrane is compared with old normal membrane, there are no significant differences. Moreover, if old basement membrane is compared with young membrane then there is a decrease (p<O'OI) in histidine, threonine, leucine, serine, lysine, and cystine and increases (p<O'OI) in glycine and proline. These results, other than for hydroxylysine, are similar to a comparison of diabetic membrane with that of young normals. are found in the non-diabetic elderly individual. This correlates with the observed thickening of the basement membranes of the renal glomeruli or capillaries of the eye, seen in rats and other animals ith adv~ncing age or resulting from chemicall; induced diabetes." However, the kidney glomeruli of our aged normal subjects did not have any significant thickening of the basement membranes. It would therefore appear that the morphological lesions accompanying diabetic microangiopathy and advancing age are very similar in animals and that in man there is a similarity in the chemical changes that occur with age or diabetes in the renal glomerular basement membrane.
